The efficacy of two artificial tears, carboxymethylcellulose (CMC) and hyaluronate (HA), was compared in the treatment of patients with dry eye disease. Methods: We conducted a systematic review and meta-analysis on randomized controlled trials in the PubMed, Embase, Cochrane Library, and ClinicalTrials.gov databases. The efficacy was compared in terms of the mean change from baseline in tear break-up time. The meta-analysis was conducted using both random and fixed effect models. The quality of the selected studies was assessed for risk of bias. Results: Five studies were included involving 251 participants. Random effect model meta-analysis showed no significant difference between CMC and HA in treating dry eye disease (pooled standardized mean difference [SMD]=-0.452; 95% confidence interval [CI], -0.911 to 0.007; P=0.053). In contrast, fixed effect model meta-analysis revealed significant improvements in the CMC group when compared to the HA group (pooled SMD=-0.334; 95% CI, -0.588 to -0.081; P=0.010).
introduCtion
Dry eye is a disorder involving deficient tear production or excessive tear evaporation, 1) and is associated with subjective symptoms, such as ocular discomfort, dryness, visual disturbance, and soreness. 2, 3) Objective signs include ocular surface inflammation, tear film instability, and tear hyperosmolarity. 3) Dry eye is a very common disorder, reported in approximately 10%-20% of the adult population. 4) Artificial tears are the primary treatment for dry eye disease. 5) Although there are many effective artificial tear formulations, carboxymethylcellulose (CMC) and hyaluronate (HA) are the two most commonly prescribed and used. 6) CMC is an anionic cellulose polymer with a carboxyl group substitution, and exhibits good bioadhesive characteristics. 7, 8) The anionic nature of CMC may be beneficial in increasing tear retention time. 6) HA is a glycosaminoglycan disaccharide biopolymer composed of repeating alternating sequences of N-acetylglucosamine and glucuronate in linear chains; importantly, HA formulations have the ability to bind water molecules and prevent dehydration. 9, 10) Large clinical studies have shown both CMC and HA to improve dry eye signs and symptoms. In an effort to identify the most effective treatment, several studies have compared the efficacies of CMC and HA by various methods including tear break-up time (TBUT), corneal or conjunctival staining, Schirmer test, and dry eye symptom score. 6, [11] [12] [13] [14] [15] [16] [17] [18] While some studies have reported that CMC and HA have an equal effect in treating dry eye disease, other studies have showed that one treatment choice was more effective than the other. Due to the contrasting results, and in an attempt to identify the most effective treatment, we decided to conduct a systematic review and meta-analysis aimed at comparing the efficacy of CMC and HA.
Methods
This study followed the PRISMA statement for reporting systematic reviews and meta-analysis of studies that evaluate health care interventions.
19)

inclusion Criteria
We included randomized clinical trials (RCTs) which compared the efficacy of CMC and HA in humans with dry eye disease. Due to the fact that there are several tests to evaluate the degree of dry eye disease, and that their scale or index was inconsistent across studies, we decided to use TBUT test results to compare studies. TBUT should be measured as the time from last blink to the appearance of the dry spot in the precorneal tear film, and only studies that measured TBUT at both baseline and at follow-up were selected. 3. study selection Figure 1 presents the search results and study selection. Two review authors (JKS and HYP) independently screened all titles and abstracts obtained from the search. The combined search revealed 38 records, from which 17 records were removed as duplicates. Titles and abstracts were reviewed for the remaining records, from which 12 were excluded and nine full-text articles were reviewed against the inclusion criteria. Four articles were excluded for the following reasons: one article was not designed to compare two groups, 14) two articles had no TBUT data, 16, 18) and, while the final article had TBUT data, the baseline value was above 10 seconds in the HA group, which did not meet the criteria for dry eye disease diagnosis. 12) The remaining five studies were included in quantitative synthesis and meta-analysis. 6, 11, 13, 15, 17) Any disagreement was resolved by discussion with a third reviewer (KL). This study was exempted from review by the institutional review board of Seoul National University Bundang Hospital.
search strategy
data extraction and Analysis
Effect size, which was represented by mean TBUT change from baseline, and its standard deviation was extracted from each of the selected studies. The standard deviation of the effect size was not reported in two studies, namely Sanchez et al. 15) study in 2010 and Brignole et al. 13) study in 2005. We contacted the authors, but received no reply. The missing values were estimated by pooling the standard deviation using the Hedges method. 20) We performed Hedges random and fixed effect model meta-analyses using the 'METAN' package in Stata (Stata Co., College Station, TX, USA). The significance level was defined as a Pvalue less than 0.05. We also assessed heterogeneity using Higgin's I 2 statistic, where a heterogeneity (I 2 ) of more than 50% was defined as high.
Quality Assessment
The quality of the studies included in the meta-analysis was assessed by the approach recommended in the Cochrane handbook for systematic reviews of interventions. 21) We assigned a grade (low, high, or unclear) for risk of bias for seven domains. results Table 1 presents summarized data of the included studies. All five studies were RCTs and the combined sample size was 251 participants.
Characteristics of included studies
The studies did not show a statistically significant difference between the characteristics of the study populations of the two treatment groups; the only exception was for age in the paper published by Sanchez et al. 15) in 2010. In the study, mean age of the HA group was 71.8 
Meta-Analysis results
In terms of mean TBUT change from baseline and its standard deviation, we conducted continuous variable meta-analysis. The Hedges random effect model analysis showed that the overall pooled SMD of TBUT was -0.452 (95% CI, -0.911 to 0.007), as shown in Figure 2 . There was no significant difference between CMC and HA groups (P-value=0.053). The generic inverse variance fixed effect model analysis showed that the overall pooled SMD of TBUT was -0.334 (95% CI, -0.588 to -0.081), as shown in Figure 3 . The CMC group showed significantly more improvement than the HA group (P-value=0.010).
The heterogeneity I 2 among the studies was 66.1% (P-value=0.019). 
risk of Bias
The risk of bias in the five RCTs was low (Figure 4) . However, the domain of blinding of participants and personnel was ranked high as four studies were designed as observer-masked single-blind trials;
only the NCT00938704 17) study in 2011 was a double-blind trial. Incomplete data were found in the studies of both Sanchez et al. 15 ) study in 2010 and Brignole et al. 13) study in 2005, and the missing values were replaced by estimates using adequate statistical techniques. Finally, although Sanchez et al. 15) study in 2010 was a RCT, the mean age of the study population between the two groups was significantly different. It was therefore ranked unclear for the domain of other bias.
disCussion
This study found that CMC was more efficacious than HA in treating dry eye disease. Due to the anionic characteristic of CMC, the lengthened tear retention time could influence the tear film stability, 6) leading to the reduction of tear film hyperosmolarity, and possible inflammation alleviation. Indeed, Sanchez et al. 15) study in 2010 revealed a greater reduction of inflammatory markers in the CMC group. However, the studies did show contradictory results. Brignole et al. 13 ) study in 2005 found that HA decreased ocular surface inflammation more than CMC, although not significantly. The greater water retention capacity of HA may improve the epithelial repair process. 5, 6) However, it is important to note that the active ingredient of artificial tears is not the only factor that determines the effect on dry eye disease. Other elements, such as mineral composition or final concentration, may influence the results. In the case of HA eye drops, while there was a broad concentration range (0.1% to 3%), low-concentration eye drops were commonly used in clinical settings. Indeed, all the included studies used low-concentration products.
Results might also be affected by drug compliance. Baudouin et al. 11) study in 2012 reported that patients were more satisfied with CMC eye drops, because they were applied less frequently than HA. Additionally, patients tended to prefer a multi-dose bottled preparation as unitdose artificial tears were more costly and less convenient to use.
11)
However, multi-dose eye drops, which contained preservatives, might cause toxic or allergic reactions when applied frequently. 22) These factors may have significantly affected patient compliance and effectiveness over long-term treatment.
Many studies addressed various methods to evaluate dry eye disease, such as TBUT, corneal or conjunctival staining, Schirmer test, and dry eye symptom score. While these tests are all objective tests, we focused on TBUT as it was the measurement most suitable for comparison. Although most studies evaluated corneal or conjunctival staining and dry eye symptom score, their scale or index was inconsistent across screened studies. While these showed similar tendencies in each study, the staining and symptom score results could not be combined.
In our study, effect sizes were measured in two meta-analysis models. Considering that all the studies were consistent RCTs, fixed effect model meta-analysis was performed, which resulted in a significant difference favorable to CMC. However, considering the heterogeneity within the studies, we also conducted random effect model metaanalysis. While the results were also favorable to CMC, they were not statistically significant.
This meta-analysis revealed slightly high heterogeneity, which might originate from differences in the study population and intervention. The Sanchez et al. 15) study in 2010 showed a statistical difference in age between the two groups, which may induce differences in the efficacy of treatment. Indeed, only Sanchez et al. 15) study in 2010
showed a statistically significant difference between the two treatment groups. In addition, variation in the artificial tear products used might contribute to heterogeneity, namely concentration, mineral composition and the inclusion of preservative ingredients.
The limitations of this review included the paucity of available studies and the small sample sizes of these studies. This limitation was compounded by the use of several tests to diagnose and assess the degree of dry eye disease, decreasing further the available studies for meta-analysis. Therefore, the efficacy of artificial tears might not be fully reflected by TBUT alone.
In conclusion, this systematic review and meta-analysis compared the efficacies of two commonly used artificial tears, CMC and HA, in treating dry eye disease. On the basis of the five studies included in this review, our results suggest that the efficacy of CMC is better than that of HA, although not significantly. Further research is needed to better define the differences in efficacy between CMC and HA in treating dry eye disease.
